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(a) Fed powder 
(b) Caked particle 



















































み点流れを組み合わせたモデルを用いて説明している 32，33) 0 
Navier-Stokes式に基づいてインパクター内の流れを数値言携によっ
て求め、捕集効率及びこれに与える各種装置形状の影響を議論
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Table 2.1 Properties of tested powder 
Tested powder Antimony trioxide 
MMD， Dpso (μm) 8.0 
Y oung's modulus， Y 
5.0 X 10-l (MPa) 
Poisson's ratio， v (-) 0.3 
Sb (%) * 83.4 
Pb (%) * 0.01 
cr (ppm) * 0.05 
Soa-(%) * 0.006 
* Measured by XPS 
* Measured by ion exchange chromatography 
100 
??? ?? ?
Fig.2.1 Cumulative undersize distribution of tested powder 










0--. io -1 10 0 10 1 






























ρD Uiel C 
VJ Dp詮 0.7
18μD 




、? ? ， ?
?
















??? Table 2.2 Properties of the impaction plate 
Plate I Young's modulus Poisson 's ratio 
(MPa) (ー)




Pol yacetal resin 4.6 X 103 0.3 
Pol yurethane resin 6.9 X 102 0.3 
(3) Pressure tap 
(4) Suction tube 
(5) Suction tube for 
fixing the impaction 
plate 
(6) Honeycomb for 
laminarizing the 
aerosol flow Filter 、
(7) Jet nozzle 
(8) Impaction plate 




(8) Powder Compressed 
(Table feeder) air 




Pump for fixing the plate 
Fig.2.2 Impactor 













































































100 150 50 
Jet velocity， Ujet (m/s) 
Fig.2.4 Mass median diameter as a function of the jet velocity 
for various plates 
F(DpJ) = (許可出l/5M+叫勺明l/5m?v (2-2) 
















o Copper plate ・Glassplate 
ロPolyacetalresin plate 





0 io-3 10 -2 10 -1 
A verage im paction load， Fav (N) 
Fig.2.5 Mass median diameter as a function of 





















3 tn Dp，2 
f(Dp) =芝 kj， gj(Dp) d(ln Dp)， kl +k2+k3=1 
n = I Jln句 l
仰 p)=1 _叫(-{In Dp -In Dp50i什，i = 1， 2， 3



























































































? ? ? ?
』??













Particle diameter (μm) 
10 1 、ー，〆
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V ariation of frequency distributions 







































(a) v = 42.1 mJs 
(b) v = 93.3 mJs 
Fig.2.8 Variation of powder layers on the impaction plate 
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Size， component 2 
Size仏ゴ
、=争』併--ctob-
o Copper plate 
• Glass plate 
ロPolyacetalresin plate 
-Polyurethane resin plate 
.‘_.. _ . ‘ 一一一『 司圃，_.
• • 

















(N) A verage im paction load， F av 
(N) 
Fraction of size component 1 as a function of 
the average impaction load for various impaction plates 
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A verage im paction load， Fav 
Fig.2.10 
Mass median diameters of size component 1， 2and 3 
as a function of the average impaction load 





o Copper plate ・Glassplate 
口 Polyacetalresin plate 
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Average impaction load， Fav 
Fraction of size com ponent 3 as a function of 




Fraction of size component 2 as a function of 











































Fig.2.13 Vertical sectional view of the turbo classifier (TC・25)
Table 2.3 Properties of the caked layer on the blance rotor 
Specific surface area * I 15.6 m2/g 
Bulk density I 4800 kg/m3 
SO~- ** I 0.0170/0 
* Measured by BET method 
* Measured by ion exchange chromatography 
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2.0 











Fig.2.14 Position of the caked layer formed on the balance rotor 
2000 1500 
Rotational speed (r.p.m) 
1000 500 Experimental conditions for size classification 
Tested powder 






Mass of the caked layer on the balance rotor 
as a function of the number of rotation 
(Flow rate = 4.0 m 3/S) 







Silicone Y oung's modulus 
Polyurethane 

















Amount of powder feed 










































Amount of powder feed (kg) 
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• Polyurethane resin 
。 。? ?
5000 
Amount of powder feed (kg) 
b) Flow rate = 2.6mヤs，Rotational speed = 750 r.p.m 
4000 3000 2000 1000 
Mass of the caked layer on the balance rotor 















Cc : Cunningham's slip correction factor 
D : j etnozzle diameter 
Dp : diameter of particle 
DP50 : mass median diameter 
DP50 i : mass median diameter of size component i 
DPI00 : diameter at 100% partial separation efficiency 
f(Dp) : frequency size distri bution 
F : maximum impaction load on a single particle 
F av : average impaction load on a single particle 
gj(Dp) : frequency size distribution of size component i 
G(Dp) : approximated frequency si ze distri bution 
ki : fraction of size component i 
m 1 : mass of im pacting particle 
Qc : clean sheath air flow rate 
Qp : aerosol flow rate 
Ujet :air veloci ty at impactor j et
v : impaction velocity 





















Y2 : Young's modulus of impaction plate 
μ: gas VlSCOSlty 
Vl : Poisson 's ratio of impacting particle 
V2 : Poisson's ratio of impaction plate 
Pp : true density of particle 
。j: geometric standard deviation of size distribution i 















4) H. Masuda， D. Hochrainer and W. Stdber: J. Aerosol Sci.. 10 
275 (1979) 
5) S. P. Timoschenko and N. Goodier (金田潔訳) :"弾性論"
p.423，コロナネ土(1973)














































。l 白io -1 10 0 10 1 10 2 10 
Particle diameter， Dp (μm) 
Fig.3.1 Cumulative undersize distribution of tested powder 
( Measured by LS-130， Mass basis ) 
Table 3.1 Properties of tested powder 
Tested powders Tristearin Glass beads 
Powder A Powder B PowderC 
MMD， Dp50 (μm) 5.3 63 58 
True density， pr (kg/m3) 950 950 4200 














散乱[口l折式粒度分布測定機(日科機製 Coul ter LS-130)を用い






















































5E 副 10 
??
??
50 100 150 
Jet velocity ，Ujet (m/s) 
200 
Fig.3.4 Diameters of particles consisting the powder 
heap as a function of the impaction velocity 
(Powder A) 
(b) X 1000 
Fig.3.3 Vertical sectional view of the adhered heap 





































(a) X 80 
(b) X 400 
Fig.3.5Vertical sectional view of the adhered heap 
( mixture of Powder A with Powder B. 
Mixing ratio =0.67，ujet=130m/s) y 
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Fig.3.6 Vertical sectional view of the adhered heap 
( mixture of Powder A with Powder B， 
Mixing ratio = 0.9， Ujet = 130 m1s， X80 ) 
Fig.3.7 Vertical sectional view of the adhered heap 
( mixture of Powder A with Powder C， 





































































250 200 150 100 50 
1.0 0.8 
Mixing ratio， r (ー)
0.6 0.4 0.2 
Jet velocity ，Ujet (m/s) 
Bulk density of the heap as a function of the jet velocity 
for the mixture of Powder A with Powder B 
(島lixingratio = 0.5) 
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Fig.3.9 Bulk density of the heap as a function of the mixing 
ratio for the mixture of Powders A and B 




































??1.0 0.8 0.6 0.4 0.2 
250 
Diameter of particles remaining on the plate 
as a function of the jet velocity (Powder B) 
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200 
Jet velocity ，Ujet (m/s) 
150 100 50 
Fig.3.11 
Mixing ratio， r (ー)
Fig.3.10 Mass of the heap as a function of the mixing ratio 
for the mixture of Powders A and B 
(Jet velocity = 119 m/s) 
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Fig.3.12 Particle mooolayer 00 the impactioo plate 
( Powder B， Ujet = 196 m1s ) 
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(1) Small particles adhere on the impaction 
plate selecti vely. 
(2) Large particles impact on the adhered 
small ones and give the impaction 
force to small ones on the impaction 
plate. 
(Deformation， Crushing， Melting) 
(3) 
(4) Repeti tion of processes (l) --(3) 
causes formation of a caked heap. 
(3) Large pa口iclesrebound into the air 
flow after impaction. 

































Dp : diameter of particle 
DP25 : 25% diameter of cumulative undersize 
distribution (mass basis) 
DP50 : mass median diameter 
Dp75 : 75% diameter of cumulative undersize 
distribution (mass basis) 
DpIOO : diameter at 100% partial separation efficiency 
Dpav : average diameter remaining on the impaction plate 
Dpmax : maximum diameter remaining 
on the impaction plate 
h(x) : height of the heap at x 
mh : mass ()f the heap on the impaction plate 
Qc : clean sheath air flow rate 
Qp : aerosol flow rate 
r : mixing ratio of fed powder 
Ujet :air velocity at impactor jet 
V : vol ume of the powder heap 
Xj : radi us of the heap for i direction 

























Pb : bulk density of the heap 
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1 d ， __， dU司士一(rUr)+一三=0
‘dr dz 
(4-1) 
Ur苧+Uz dUr = _ 1 笠_2_~主+(V + VT) 
dr dz P dr 3 dr 
x[討中ru，l) +守]+V1:' 白川+土(引~ (4-2) 
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(1) (1) Aerosol entrance 
(2) Clean sheath air 
entrance 
(3) Pressure tap 
(4) Suction tube 
(5) Suction tube for 
fixing the impaction 
plate 
(6) Honeycomb for 
(2) laminarizing the 
aerosol flow 
(7) Jet nozzle 
(8) Impaction plate 





















-・・ー ，ー・ー・ ・ 二一圃・二二=二ー一ー一 一ー
0.0 1.0 2.0 3.0 
r/D 
Fig.4.2 Coordinate system and grid shape 
in numerical calculation 
-61-
(4・8)
u+ = y+ 1 ap司ak， ，、i1 a f. auz ¥ _L iUz I U三三三+u一一=ー上一一-~ ~ + (v + VT)I一一Ir':"::"='l+一一~Iar ' '- L az p az3 az. ¥. . .， ， l rar¥ -ar' ai-J 
rf+寸=G-ε+(v +ま)[~ :r(r引+21 (4-4) 
(4・11) 


















度、 vは動粘度、 VTは乱流動粘度、 kは乱流エネルギー、 Eは乱流
エネルギ一散逸、 Gはkの生成項、 gは重力加速度を示す。尚、モ
デリング定数は、 σk=l.0， OE= l.3， Cl = l.44， C2= l.92， C~= 
0.09とした2)。
標準k-Eモデルを、そのまま壁近傍に適用することはできな
いので、境界条件として対数領域 (y+> 1l.5) ではEqs.(4-8)---











6 d t 8 Cc 




k = u~ /花; (4-9) +;Dj(向-p) g (4・14)
3 _ U~ ε一一-Ky (4
・10) ここで、 Dpは粒子径、 Ppは粒子密度、 Vr，Vzは各々r，Z方向の粒
-62- -63-







Cd = _2生(1+ 0.15 Reg_687) 
Rep 
Cd = 0.44 
守|ω-(t-引
(Rep < 800) 
(Rep > 800) 










C(I】=16π 1 Re(l) (Reω< 1) 
Cω= 16π 1 R~，】+ 16πRe帥 11200(1 < Reω< 10) 
Cω= 5.321 Re~J. 5 + 37.21 Re(l) (10< Reω< 20) 
Cω= 6.44 1 Re?，J_5 + 32.2 1 Re(l】 (20<Reω< 50) 






斗v (4-2] ) 
上記の並進及び回転の運動方程式をステッフ。幅自動調整型の
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Calculated impaction velocity as a function of 
radial position of impaction plate 
Fig.4.4 








Relationship between the inertial parameter 
































Calculated impaction angle as a function of 
radial position of impaction plate 
1.2 0.4 0.8 














































rmax / R (ー)0.0 
0.0 
Calculated rotational velocity as a function of 
radial position of impaction plate 
Fig.4.7 
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2.5 2.0 1.5 
、 ? ， ?
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Relationship between the inertial parameter 






{ 5 ¥3/5 {_l6__¥ 115 (止 !二三-2/5F(Dp 1)= (+r ~ L 1U~ )" -， :.~ 1 + :.v ~ I 
¥4) ¥Qπ2 J ¥πYlπ Y2J 
任意の体積、 PbOはVp= VpOの時の破壊強度である。さらに、粒
子の破壊荷重 Fbと破壊強度には次式の関係がある12)。
x 1_ ，?Pl 1や2ii/5mnvQ/5
¥2 (Dpl + Dp2) I …l ー
(4-23) 





























































G rad. = 1.2 ___' ????? ?
? ? ?
。?
?? 】 ? 。
?
?
? ? ?? ??
? ?? ?? ?Impaction model Fig.4.8 
10 1 
Relationship between the displacement 
and the load applied on the particle， 
measured by a micro compression tester 
(Tristearin particle ， Dp = 57.4μm) 
???? ?
Displacement， a (μm) 
Fig.4.10 




Schematic diagram of micro compression tester 
( Shimadzu MCT島ι500) 
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Fig.4.9 
Mechanical properties of tested powders 
Tristearin 





















さくなることが分かる。 VpO= 1.0 X 10-13 m3とし、 Eq.(4-26)に
基づき直線近似を行うと、 PbO=2.4X 106 Pa、n=1.6が得られる。
7.5 X 10 
VpO = 10-13 (m3) 
101 




Relationship between breaking stress 
and dimensionless particle volume 
(Tristearin particles) 
ー77-



















(4-30) 1 {n:nn} oJ V* = 2.7 x 10-8 2¥6 且』・t'I . 
100 



















































EfTective impaction load， F E (N) 250 
Normal impaction velocity ，Vn (m/s) 
200 150 100 50 
。?
??
Bulk density of the heap as a function of 
the efTective impaction load 
(r = 0--0.9， Ujet = 35---206 m/s) 
ー79-
Fig.4.13 
























a : displacement of particle 
C1.C2，Cμ: constant of turbulent model 
Cc : Cunningham's slip correction factor 






CL : lift coefficient of particle 
Cω: rotation coefficient of particle 
D : j etnozzle diameter 
Dp : particle diameter 
Dpl : impacting particle diameter 
Dp2 : particle diameter of adhered on the impaction plate 
Dpc : critical diameter 
f(Dp) : frequency size distri bution 
F av : average impaction load on a single particle 
Fb : compressi ve breaking load 
Fcomp : compression load 
FE : effective impaction load applied on a 
single particle 
g : gravity acceleration 
1 : moment of inertia 
k : turbulence energy 
ml : mass of impacting particle 
n : coefficient of uniformity of breaking stress 
distribution 
P: gas pressure 
Pb : compressi ve breaking stress 
Pbo : compressi ve breaking stress stress at V p=V po 
r : coordinate in radial direction 
rmax : radi us of the particle-impact region 
R : jetnozzle radi us 
Ujet : air velocity at impactor jet 
Ui: fluid velocity in i direction 
v : impaction velocity 
Vn : normal component of the impaction velocity 
Vi : velocity of particle motion 
v p : particle volume 
































Yi : Young's modulus of particle 
z : coordinate in axial direction 
E : turbulent dissipation rate 
λ: mean free path 
μ: gas VlSCOSIty 
V : molecular viscosity 
Vi : Poisson's ratio of particle 
VT : turbulent viscosity 
e : Impaction angle 
P : gas densi ty 
Pb : bulk density of the heap 
Pp : true densi ty of particle 
Ok. 0.ε: constant of turbulent model 
ω: angular velocity 
ψ: inertial parameter 
U : vector of fl uid velocity 
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Glass beads 1 




Table 5.1 Properties of tested powders 
Mass median True dcnsity Y oung's modul us Poisson's ratio 
diameter ( kg/m3 ) (MPa) ( -) 
(μm) 
5.3 950 4.9X 102 0.3 
6.8 955 3.4XI02 0.3 
6.4 950 32×1 02 0.3 
4.3 945 3.0X 102 0.3 
5.2 945 2.0X102 0.3 
49 4200 7.5X 104 0.21 
58 4200 7.5X 104 0.2l 
90 5100 6.0X 104 0.23 
88 5100 6.0X 104 0.23 
60 1200 2.3 X 104 0.3 
Table 5.2 Experimental conditions 
Amount of powder feed 
Jet velocity， Ujet 
Mixing ratio， r 
0.15 g 
55 -196 m/s 

















o 50μm G las beads 
.60μm G las beads 
d. Ferritc 
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Relationship between the mixing ratio and the bulk density 








0.2 0.4 0.6 
Mixing ratio， r
0.2 0.4 0.6 
Mixing ratio， r
(b) Ujet = 119 m1s 




























































Relationship between the mixing ratio and the bulk 
density of the heap on the im paction plate 
for various Ujet (Powder A) 
True density 
o 50μm G lass beads ・60μmG lass beads 
d. Ferrite 




0.2 0.4 0.6 
Mixing ratio， r







































Mass of the heap as a function of the mixing ratio 
(Jet velocity = 196 m/s) 
何88-
Fig.5.2 
• Powder A 
/j. Powder B 
A Powder C 
口 Powder 0 








? ? ? ? ? ? ?
? ? ?
Jrue densitx 
o 50μm Glass beads 
.60μm Glass beads 
l. Ferrite 
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Relationship between the mixing ratio and the dimensionless 
bulk density of the heap 




Effective impaction load， FE(N) 
Bulk density of the heap as a function 

















































• Powder A 
f込 Powder B 
A Powder C 
ロ Powder 0 
• Powder E 
0.5 
10 -4 10・3 10・2 10・1 100 
EfTective impaction load， F E(N) 
Fig.5.5 Dimensionless bulk density of the heap as a function of 
the efTective impaction load 
(Powder A -E， 60f.!m Glass beads) 













































FE = 1.0X 10-3 N 
ddベ19 
0.5 
0 500 400 
(MPa) 
300 200 100 
Young's modulus， Y
Dimensionless bulk density at FE = 1.0X 10・3N
as a function ofthe Young's modulus oftested powder 
( Powder A ~ E ) 
Fig.5.6 
= F園。。 。 。
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? 10・1 100 
EfTective impaction load， F E(N) 
Fig.5.8 Relationship between the degree of crystallinity 
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Fig.5.10 Relationship between degree of cηrstallinity 
and aging temperature for Powder A 
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5.3 結言 Ptap : bulk density of the heap at tapping 




















2) V. Vand and I.P. Bell : Acta Cηst.，生465(1951) 
使用記号
FE : effective impaction load applied on a single parlicle 
iα: XRD peak intensity of phase α 
Is : XRD peak intensi ty of phase s 
Ujet : air velocity at impactor jet 
Xα: degree of crystallinity of phase α 
Xs : degree of cryslallinity of phase s 
Y : Young's modulus of particle 
8 : diffraction angle 
Pb : bulk density of the heap 









































Table 6.1 Properties of tested powders 
Properties Powder A Powder B 
Mass median diameter 
5.3 17 Dpso (μm) 
True density，ρt (kg/m 3 ) 1020 1020 
Melting point (oC) 68.0 68.0 
Degree of αtype structure + 
16.7 15.9 Xα (0/0) 
Degree of s type structure + 
83.3 84.1 Xs (0/0) 
(+) Calculated from Eqs.(5-2)， (5-3) 
Table 6.2 Experimental conditions 
Amount of powder (mg) I 100.0 
Compression pressure I 0.7 -740 P (MPa) 
Environmental temperature， 










































? ?? (6-1) 



































Compression pressure， P(MPa) 
(a) Powder A 
Compression pressure， P(MPa) 
(c) Powder C 
Fig.6.2 Bulk density of the powder bed as a function of 


















? ? ?? ?? ??。 。? ? ????? ?
Compression pressure， P(MPa) 
(b) PowderB 
Fig.6.2 Bulk density of the powder bed as a function of 
the com pression pressure 
104 
103 
570 650 750 850 950 
B~lk density， Pb (kglm 3) 
(a) Powder A 
Relationship between bulk density of the powder bed 
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570 650 750 850 950 
Bulk density， P b (kg/m 3) 
(c) Powder C 
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Relationship between bulk density of the powder bed 
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o 180C 
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Compressioo pressure， P(時IPa)
(a) Powder A 
~ 1.0 
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o 180C 
d -10 oC 
一一 180C
一一--10 oC 
Compressioo pressure， P(MPa) 
(c) Powder C 
Figふ4 Comparisoo betweeo experimeotal data aod 
calculated results based 00 Cooper's model 




(b) Powder B 
Fig.6.4Comparison between experimentaldata and 
calculated results based on Cooper『smodel 
for dimeosiooless volume 
? ??
?






























































































Compression pressure， P(MPa) 




100 101 102 103 
Compression pressure， P(MPa) 
(b) PowderB 
(a) 1.5MPa 
??? ?? ?? ? ?? ??
(b) 12民IPa
Degree ofαtype crystallinity as a function of 




Vertical sectional views of the powder bed 
for Powder A at・10




































Compression pressure， P(MPa) 




















Degree ofαtype crystallinity as a function of 
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Dp = 50+2μm 
????
10る
Displacement， D (m) 
10・2
10・7
日 yOI剖I/nRelationship between compression load 
and displacement 









































Relationship between environmental temperature and 






Dimensionless particle volume， ~P_ ， VpO 
? ??? ????????
Relationship between yielding stress 
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Table 6.3 Properties of tested powder 
Properties I Powder 0 I Powder E 
MMD， Dpso (μm) 4.1 4.1 
Sb (%) * 83.4 83.4 
Pb (%) * 0.01 0.01 
cr (ppm) * 0.05 0.05 
soi-(%)料 0.006 0.000 
* Measured by XPS 

















Fig.6.13 Ignition loss as a function of the temperature 
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Compression pressure， P(MPa) 
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Figふ14Particle diameters as a function of 
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Fig.6.16 Grain size， D622 as a function of 























































aj : fraction of Phase i compaction process 
B : full-width at half maximum 
d : displacement at plastic deformation process 






Dhkl : grain size from (hkl) crystal face 
Dp : particle diameter 
Dp25 : 25% diameter of cumulative undersize distribution 





(μm) Dp75: 75% diameter of cumulative undersize distribution 
E : compression energy 。/kg)
(N) F : compression load 
ki : pressure where the Phase i process 
occures with greatest probability 
n : coefficient of uniformi ty 
P : compression pressure 
Py : yielding stress of tristearin particle 
PyO : yielding stress of tristearin particle 
at Vp=VpO 
R : gas constant 
t : temperature 
T : tem pera ture 
V : specific volume of powder layer (=l/Pb) 
V 0 : specific vol ume of powder layer 
at P=Q (=l/PbO) 
V p : particle vol ume 
V pO : arbitrary particle volume 
V t : specific vol ume of powder layer 
at P=∞ (=l/pt) 
V-:dimensionless vol ume of powder layer 
Xα: degree of αtype crystal structure 
Xs : degree of s type crystal structure 
λ: wave length of CuKαradiation 
e : diffraction angle 
Pt : true densi ty of tristearin 
Pb : bulk density of powder layer 
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Test piece 
Fig.A.l Schematic diagram of particle removal set-up 
Impaction plate 
Fig.A.3 Geometric parameters of setting 
?
Table A.l Experimental conditions 
Air pressure，ムP 9.8 x 10 -3--3.4 X 10-1 MPa 
?
??
Impinging angle，。 90 deg 
Distance from jet， d ??
??
Duration time of jet， t 2s 




































2a 吻』q副E 回J 5 
4 
10-3 10-2 10-1 100 
Jet air pressure，ムP (MPa) 
Fig.A.4 MMD of the remaining particle 




Only small particles 









smal particlcs from granulation. 
Mh'¥..4("測の.
Fig.A.5 EfTect of the adhesive properties of the impaction plate 









+ {(rr ~:l -(引いr+(山内p)rL¥rL¥z の
尚、生成項， Sは物理量，中に無関係の項， Scと中に比例する項， Spル中
に分けて表している O 点、e，w. t， bは区間PE.WP. PT. BPの各々の
中点であるとみなし、物理量， ゅに対する折れ線分布を仮定する
と、 Eq.(B-3)が得られる。
中e=1(併+中E)，中戸~(中w+ 中p) 恥=~(中p+ 桁) ，恥=~(物+中p)2 ¥ T YY . TrJ 'Tl 2 ¥ 'rT • 't' 11  't'0 -2 
(B-3) 
これを用いると、 Eq.(B-2)は次のように変形される。
{t(刈(併+住)-t (rUr)w (中w+併)}L¥z 
+{t(刈(併+約)-t (刈(<t>s+中p)}L¥r 
-f(叫(中E-Q>p) ( r)w(中p-中w)¥^守
-¥-1δr)e (or)w f UL 
+1列h伽(い肘r庁叫
¥ (o叫z)t (oz九 fLlI T ¥Jc T Jp'YP 
式を簡単に表記するために、対流項と拡散項の係数を以下のよ
うに起き直すことにより、物理量，中の関係式 (B-6)が得られる o
Fe = (1叫)eL¥z，Fe = (rUr)eL¥z， Ft = (rUzhL¥r， Fe = (rUz九企r。-(r)eL¥Z 臥 (rr人eL¥Z n_(庁hL¥r. IA = (叫L¥r恥= ，Dt=一一一弘一一一




Fig.B.l Control volume for numerical simulation 
Fig.B.2 Staggered mesh for numerical simulation 
ーl42-
ap中p=aゆE+aW中w+街中r+ aB<PB + b (B-6) 
但し、
aE=De-tFe， aw=恥+;九針=Dt -t Fb aB =臥+t Fb (B-7) 
b = Scrdrdz 









aE= Dem叙 {o，(1 -0.1 IP df } +m似 (-Fe，0) 
aw= Dwm以 {O，(1 -O.lIPJr} + max(Fw， 0)
ar = Dtmax{O， (1-O.lIPdr} + max(-Fb 0) 
aB=~m似{O， (I-O.lIPblr}+max(Fb， O) (B-10) 
ここで、 Pはペクレ数であり、 P= F/Dで表され、対流と拡散の
強さの比である。また、連続の式， Eq. (4-1)より、 Eq.(B-9)の代
わりに次式を用いる。

















みUre= ~ 3nbUrnb + b +山(Pp-PE) 






と、 Eqs.(B-12)，(B-13)から速度に対しての近似値， U;， u;を以下
のように求めることができる。







P = p* + p' 
Ur=U;+U~ 






aeU~e =芝 anbU~nb+ b +山(Pトーpd

















[(rUr)e -(rUr)wJ dz + [(rUz)t -(rUz)bJ dr = 0 (B-25) 
この式にEqs.(B-23)，(B-24)及びUrw'Uzb ~こ関する同様な式を代入
し、圧力補正量， P'に関する次式の圧力補正式が得られる。
apPp = aEPE + awPw +針PT+ aBPB + b 
aE = derdz， aw = dwrdz， ar= dtrdr， aB = dbr~r ， 
ap = aE + aw + ar+ aB， 
























































Pump for fixing the impaction plate 
Fig.C.l Schematic diagram of experimental set-up 
for measuring the impacted location 
凶ーか -147-
2 衝突板上の粒子面密度分布Appendix D 
1.6 
1.6 
Particle sunace density as a function of 
the radius for various inertial parameter 
(Uniform distribution) 
-149-
. v'1t = 1.38 
+、/ψ=1.24 
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• ytp = 1.38 
+、/ψ=1.24 
x、/ψ=1.08 






• ytp = 1.38 
+、/ψ=1.24 
x Ytp = 1.08 
o Ytp = 0.94 
(a) 
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Fig.D.3 Particle sunace density distribution simulated 
with particle concentration distribution at the inlet 
for various inertial parameters 
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Simulated particle concentration distribution 
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